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INtroDUCtIoN
High level competition in a global market requires organizations to deliver high quality customized and short life span products and services at a low cost, low lead time, and provide full customer satisfaction at all times. This involves products and services being developed at a higher rate and in reduced time. Enterprises need to be agile, respond rapidly to changes and new ideas. This requires the enterprise to adopt an effective information systems strategy that maps the business needs accurately. The business processes, functions, data, and systems must be fully understood, stored, made accessible, integrated, and supported by a well designed information infrastructure. At present, most of the information within an enterprise has been developed in a piecemeal manner. Information is stored in disorganized, disintegrated, incomplete company wide databases. Also the information models that were developed separated out the processes, functions, data, and systems. It is very difficult to access accurate and useful information as and when required quickly and efficiently. Computer-aided modeling of the enterprise is a powerful tool for analyzing business structures and the associated information infrastructures. Enterprise wide computer models represent the business structure, process, functions, classes, resources, strategy, token, flow, and information of an enterprise and can be used to develop a suitable information systems infrastructure (Graefe & Chan, 1993; Hu, Harding, & Popplewell, 2000) .
Enterprise models can be developed using object-orientation; a powerful concept that can be applied to almost all aspects of the lifecycle of a product from analysis, design, implementation, and maintenance. The main benefit gained from using one paradigm throughout the lifecycle is that the difficulties of conceptual transformation from one level to other levels of the lifecycle are reduced. Object-orientation modeling constructs help in understanding, abstracting, and representing different levels of knowledge within the enterprise and encapsulating that knowledge within object components. Componentizing the enterprise helps to: a) reduce and manage the complexity within an enterprise; b) provides better understanding of the enterprise; c) helps to develop and represent an enterprise in a model; and d) help in integration, reuse, and evolution of the enterprise model.
The authors have developed an objectoriented enterprise modeling process by synthesizing, adapting, and enhancing previous work in enterprise modeling. Such a modeling process is very useful as it provides steps for the business to follow which will allow it to develop an integrated set of enterprise models. The object-oriented paradigm, and especially the concept of business objects, contains modeling constructs which allow for the knowledge within the enterprise to be fully captured and represented in a form that is meaningful both to the business and information systems people. The object-oriented paradigm also allows for the modeling of the data, functions, processes, and systems within the company. These can be encapsulated into different types of components, which can be effectively developed, stored, used, and reused. The enterprise models that are built are integrated and coordinated within the company in such a way that the models can easily respond to changes. This will allow companies, safe in the understanding that their information systems can cope and evolve with business changes, to concentrate on improving their business by responding positively to change.
The second section provides a brief survey on research approaches, methodologies, and frameworks in enterprise modeling. The third section provides an overall description of the generic object-oriented enterprise modeling process (GOOEMP). The fourth, fifth, and sixth sections explain each of the three levels, conceptual, representational, and instance level in detail and with examples. Finally, the sixth and seventh sections present case studies and some conclusions.
baCKGroUND
Enterprise models describe a business through the representation of its elements, such as structure, activities, processes, information, resources, people, behavior, goals, and constraints. Such models enable an understanding of the elements in terms of their relationships and dependencies. In the context of systems engineering, enterprise modeling facilitates the mapping and the strategic alignment of the business with the developed applications. As a result, improved maintainability and integration are achieved.
Extensive research has been conducted on enterprise modeling (Dewhurst, Barber, & Pritchard, 2002; Hu, Harding, & Popplewell, 2000; Kim, Weston, & Woo, 2001; Papazoglou & Van den Heuvel, 2000; Partridge, 2005; Versteeg & Bouwman, 2006) . Some of these research studies propose various approaches, methodologies, and frameworks, which can be classified as follows: enterprise integration, object-oriented business engineering, and ontology-driven business modeling.
Enterprise Integration
Enterprise integration (EI) is the modeling of the whole enterprise for the task of improving the performance of the all the processes. It is the management of interactions between all the data, processes, people, products, customers, and suppliers that are distributed across the enterprise, in an integrated and coordinated manner. The goals of EI are to increase productivity, be market responsive, decrease unit costs, and cycle times (Petri, 1992) .
Several frameworks have been developed to provide a modeling architecture for general model. These include 'CIM-OSA' (Vernadat, 1992) , 'PERA' (Vallespir, Chen, Zanettin, & Doumeingts, 1991) , and 'GRAI integrated methodologies' (Williams, 1993) . Williams (1993) suggested that the best features of each of these should be developed into the best possible architecture for EI. They accepted a proposal for this consolidated reference architecture and agreed to call it GERAM (generic enterprise reference architecture). Bernus and Nemes (1996) have developed this GERAM framework. As well as developing on the basis of the three major EI architectures, Bernus and Nemes (1996) also include the ontological approach to EI, that is, 'TOVE' (Fox, 1992) .
Further research has been conducted by Anaya and Ortiz (2005) and Versteeg and Bouwman (2006) focusing on the strategic role of enterprise architectures to increase business integration and interoperability.
Object-Oriented Business Engineering Business engineering is a term that is important in both the business and information systems literature and it is used to describe the process of developing the organization (Davenport, 1992; Hammer, 1990; Kaplan & Murdock, 1991) . There is no consensus on its definition (Smith & McKeen, 1993) , nor even its name: 'business process engineering' (Hammer, 1990; Hammer & Champy, 2001) , 'business process reengineering' (Hammer & Champy, 2001) , new industrial engineering (Davenport, 1992) , 'core process redesign' (Kaplan & Murdock, 1991) . There are two main issues addressed by all these approaches: a. Identify the core business processes and concentrate on and improve these processes to add value to the organization. b. Design of information systems that meet the needs of these organizational processes and structures in an integrated manner.
However, these business engineering approaches still develop business and information systems models separately and with different methodologies. It is believed in this article that this is an artificial separation.
Jacobons (1995) developed the ideas of Hammer (1990) and Davenport (1992) and various other researchers in his description of business engineering and suggests a business engineering approach that attempts to bring the business and its information systems closer together by using the object-oriented approach to business engineering. According to Jacobson (1995) business engineering is a set of techniques a company uses to design its business according to specific goals. There are step-by-step procedures to design the business and notation that describe the design and a way to develop good design. The main point is that businesses can be formed, designed, or redesigned according to engineering principles
The basic concepts of business engineering are abstracted from the researches in business engineering as mentioned and presented here as a brief explanation of the concepts involved. The most critical aspect of a business is the identification and understanding of its business processes and the reengineering of these processes to eliminate the non-value adding processes and to concentrate and develop the value adding processes. The value adding processes are assessed according to the three basis concepts of business engineering. These are customer focus, flattened hierarchy, and employee empowerment.
Further research was conducted on business engineering with object technology (Shelton, 1994; Taylor, 1995) , object-oriented enterprise modeling (Barber, Dewhurst, Burns, & Rogers, 2003; Gale & Eldred, 1996) , and the development of a generic and reusable business object modeling (Choudhury, 1999; Choudhury, Sun, & Patel, 1997; Dewhurst, Barber, &, Pritchard, 2002; Hu et al., 2000; Papazoglou & Van den Heuvel, 2000) .
ontology-Driven business Modeling
The use of ontologies is a relatively new approach to business modeling and information systems development. The term ontology is borrowed from philosophy and is used to describe the study of reality and objects independently of any knowledge about them (Gruber, 1993) . Ontology provides a worldview of a particular domain consisting of a set of concepts (e.g., actor, process, resource, etc.), their definitions, and inter-relationships. An enterprise ontology is a set of concepts that are relevant to the enterprise. These concepts have a definition and they have relationships to each other. Ontological definitions are accepted and agreed definitions that are used by the stakeholders of the ontology. Due to this, ontologies help to remove ambiguities that may arise when similar terms are used in different ways. It is suggested (Car, Gladwell, Guard, Moralee, & Uschold, 1994 ) that a key potential way of achieving reuse in enterprise modeling is through ontologies. In the ontological approach to business modeling (Fox, 1992) , business models are developed that include generic ontologies, business domain ontologies, and specific business models. The business modeling process includes both making of ontologies and models and integrating the models for enterprise integration purposes. These models are reused in several application development projects.
Ontologies add value to business modeling because they assist in communication, eliminate redundancies, and resolve unnecessary and/or missing context. Some important work has been carried out by the TOVE project (Car et al., 1994; Fox, 1992) in the building of ontologies. The problem of using the ontological approach to all stages of business modeling is that rules are used at all stages of modeling and hence can be restrictive and may be inflexible to changes. However, in fulfilling the requirements of the GRBOM-generic reusable business object model approach (Choudhury et al., 1997) , ontologies are useful at the conceptual level of modeling. The enterprise ontology built by Carr et al. is used at the conceptual level of modeling in the GRBOM approach to identify the conceptual objects of the enterprise. The inter-relationship between these business conceptual objects defines business patterns. These business patterns are the starting point in the identification and representation of the generic business processes.
Further research on development of ontology-based approaches to object and objectoriented paradigm were carried out by Partridge (2004, 2005) and Partridge (2005) .
the Need for a New framework
Taking into consideration the research studies, it can be noted that some of the main problems with enterprise modeling are: a) managing the complexity inherent in enterprises; b) abstracting the appropriate level of knowledge; c) representing that knowledge in an appropriate manner that is understandable by various stakeholders of the enterprise; d) time and cost overheads; e) reusing and evolving the models over time and as the business changes; f) capturing reusable elements within an industry that is applicable to various other industries; g) evaluating and usefully applying the enterprise models; and h) describing a process to develop enterprise models that would be generic and reusable.
Hence, there is a need to develop a framework that addresses these problem areas within enterprise modeling. The following section will provide an overall description of the generic object-oriented enterprise modeling process (GOOEMP) as a possible solution for tackling these issues.
aN oVErall DESCrIPtIoN of tHE GooEMP
To understand the modeling process, a description of a model is first provided. Essentially, there are three types of models: the conceptual model, the representational model, and the instance model (Burkhart et al., 1992) . These models have two main functions:
• filter out irrelevant detail and thereby display only information that is essential to the task (this involves abstraction).
• to represent that information in a useful and appropriate way to address the goal of modeling. The goal of the GOOEMP in the context of this article is to represent the enterprise in a model, taking into account ideas from the business as well as the information systems. It enables the stakeholders to gain knowledge about the business and to integrate the business components including processes, functions, data areas, and their relations to one another. The business object models built from the GOOEMP can also be used as a reference point or starting point for design and implementation of information systems and for the analysis of change. The stakeholders of the models could be a number of people such as business process designers, business developers, business managers, systems analysts, and software engineers. A generic enterprise model is one that is sufficiently general to be used in several contexts (e.g., by different industries). The generality of the model must be optimized because if it were too general it would be of little use as the conceptual difficulty to convert the general to the specific would be too high. GOOEMP makes use of an abstraction technique, using the genericity dimension (see Choudhury et al., 1997) to abstract appropriate industrial sectors and business domains that are to be modeled. Once a domain has been identified, the model of that domain is built according to the abstraction mechanism explained in Figure 1 . This shows the abstraction levels for modeling, mapping, and optimizing the enterprise model. It explains the relationships between the business domain and the information systems domain to define an optimum generic level to enable effective reuse of the model. This takes into consideration (i) the conceptual difficulty of the transition from business domain modeling to analysis, design and implementation, (ii) flexibility, and (iii) ease with which the model can cope with change.
The object-oriented paradigm provides appropriate modeling constructs and symbols to enable the effective capture and representation of information and knowledge within an enterprise at the conceptual, representational, and instance levels. The object-oriented modeling constructs that are useful for enterprise modeling include objects, abstraction, encapsulation, instantiation, inheritance, specialization, polymorphism, composition, containment, and association. The abstraction, encapsulation, and representation of things meaningful to a business are referred to as business objects (Arrow, Barnwell, Burt, & Anderson, 1995) . A business object model is an object-oriented representation of a business domain, and is both methodology and language independent. Business object models can be developed at the three levels as described in Figure  2 . The three levels correspond with the concept of abstract class, derived class, and object in an object-oriented approach. The business object models are refined by either specializing or generalizing the models as required by the designer of the business object model to an appropriate optimum level to enable reuse in different contexts. The different contexts of reuse are: reuse within the same organization that has developed the model; reuse across vertical industries (i.e., companies within the same industrial sector, for example, financial, telecommunications, health, etc.); or reuse across all industries. The final enterprise model would be a collection of all the business object models built and would be referred to as a generic object oriented enterprise model (GOOEM).
The following sections explain the conceptual level, representation level, and instance levels in detail. These sections also explain through examples the steps required to build models at each level and the mappings between each level. 
Figure 2. Mapping and reuse potential of the business object models at different abstraction levels

CoNCEPtUal lEVEl of tHE GooEMP
This refers to the generic concept objects within an enterprise such as actor, event, process, resource, and so forth, and their inter-relations. These terms are based on and developed from the enterprise ontology (Fox, 1992) . These are the most basic terms that exist in all enterprises and can be the starting point to identifying the generic business domains and generic processes in an enterprise. Figure 3 shows part of a conceptual business object model containing the conceptual business objects and their interrelations.
representational level of the GooEMP
The business domain can be divided up into various functional domains and the representational level refers to particular industrial domains being modeled, for example, the customer services domain, business management domain, or people and work management domain. The representational domain is built with the generic reusable business object modeling (GRBOM) framework (Choudhury et al., 1997) . The interactions of the conceptual business objects allow model developers to identify patterns with which to represent particular business processes and these business processes can be generalized to generic business processes. An example of one pattern that could be extracted from the conceptual model is the actor-event-process-resource (AEPR) pattern. The AEPR pattern can be found in several domains within an enterprise such as the customer services domain and can be generalized to the core, generic business processes of a domain. Figure 2 , section 2 shows an example of mapping from the conceptual level to the representational level: actor (customer) is responsible for an event (phone call) to a process (order processing) to place an order for a resource (product/service).
Figure 3. An example part of a conceptual model of an enterprise (For simplicity the details of each link are omitted from this diagram)
This pattern can be generalized to the gain business generic business process of the customer service domain. The authors have identified many business patterns and generic business processes of the customer services domain of the telecommunications industry (Choudhury et al., 1997) .
Another important pattern that can be identified is the process, role, actor, capability (PRAC) pattern. This pattern is extremely important to the next stage of building an object-oriented representational model. Figure 4 shows the transformation from generic business processes to business objects with attributes and methods. The tool used to develop the objects and subsequently the overall object oriented business object models was Rational Rose using the unified modeling language (UML). The core generic business processes are identified for the industry. The core generic business processes in the telecommunication customer services domain have been represented in a core business model and is made up of five core generic business processes: gain business, develop product/service, bill & collect, maintain product/service, launch, and withdraw product/service (Choudhury et al., 1997) . Further studies into the customer services of the retail banking and fashion retail industries have shown similar core generic business processes. PRAC matrixes can be developed for each core Generic Business Process. Table 1 is a process-role-activity-capability matrix for the core generic business process, gain business. It is not in the scope of this article to present all the results but a representative sample of the results is reproduced. The generic business processes can be translated into roles played by actors with particular capabilities that allow them to carry out the process. The roles played by actors can be easily converted to objects with attributes and behavior.
As an example, it can be seen that the gain business generic business process can be converted to gain business role which has to be carried out by a business gainer actor object. The capability of that actor can be mapped to the responsibility of that object. The capability of an actor object is the total of all the business activities required to fulfill the responsibility of gaining business and is mapped to the operations of the business gainer actor object. The information required to fulfill the business gaining role is mapped to the attributes of the business gainer actor object. The attributes and operations are abstract at this stage. The activities of gain business can be further viewed as processes and the PRAC pattern can be repeated for each activity. This process is repeated until 
Figure 4. Transformation of process to objects (PRAC pattern)
the discrete tasks carried out by each actor and the data areas required to fulfill these tasks are identified and represented in an object-oriented model. The generic business processes can then be represented in an object collaboration diagram and an object interaction diagram. Once all the objects are identified the object collaboration diagram is developed to represent these processes. The final result of this representational level modeling is a set of PRAC matrixes for all the generic business processes. A large static reference diagram of all the objects with their attributes and operations and links between all the objects is also developed. Finally, object collaboration diagrams for all the generic business processes are developed. All these models are stored within the Rational Rose repository, for easy access of all the models, generic business concept objects, business process objects, business actor objects, and business information objects.
INStaNCE lEVEl
The representational model can be used as a starting reference model to identify the systems that need to be built within a particular domain such as the customer services domain. The instance model refers to actual instances of systems being built within the domain of interest. Jacobson's use case engineering (Jacobson, Ericson, & Jacobson, 1995) approach was used to develop such systems. Each process is a use case containing an appropriate interaction of business interface objects, business control objects, and business entity objects. Firstly, it is important to identify the main areas of systems development. It was found that in the customer services domain of the telecommunications, retail banking, and fashion retail industry, four major areas were identified. These were customer handling systems, order and product management systems, billing systems, and marketing systems. Within each system various integrated applications need to be built. It is left to each industry to develop these systems and applications that suit the requirements of their particular organization. The representational model would aid them in this task. The instance model is developed from the repository of objects that have been built so far. Figure 6 shows how the various business objects could be used as building blocks and the subsequent interactions would be a solution to a particular business problem. A number of solutions could be proposed. These solution models are referred to as instance level models. These models would be provided to the systems, applications, and technology experts to design actual systems for the organization. Figure 5 shows the transformation from the modeling level to the physical level via the instance level model. Application developers and technology experts would have access to all the business object models built so far and they could adopt the most appropriate solution by discussing with the business experts and manipulating the business object models in such a way that the integrity of all the systems within the organization would be maintained. As the business is represented as business objects, business people can communicate their needs with the systems and technology people in a language that everyone can understand.
Case Studies
Case studies carried out in British Telecommunications showed that the GOOEMP can be usefully applied in a real environment and some of the results were presented. It was important to evaluate the various issues addressed in Figure  1 and Figure 2 , section 3. To enable this, two further case studies were carried out, one in the retail banking industry and the other in the fashion retail industry.
The issues that were addressed for evaluation purposes include:
• identifying the reuse potential of various models at the conceptual, representational and instance levels • identifying the reuse potential of various other components, models, and objects identified within the enterprise • improving the flexibility of modeling • handling the conceptual difficulty of implementing a solution to a problem starting from models at each of the three abstraction levels • checking the correctness, consistency, and usefulness of the information in the model
From Figure 1 and Figure 2 , it can be seen that reuse and flexibility is very high at the conceptual level. This is because the very general ontological concept objects can be found in all industries and this model can be adapted and reused easily in all industries. At the instance level, the models are too specific, and usually apply to one organization. It is pos-
CoNClUSIoN
In this article, a generic object-oriented enterprise modeling process referred to as 'GOOEMP' has been proposed for describing the steps required to build an integrated set of business object models within an organization. Object-oriented modeling constructs and the concept of business objects were invaluable for representing the various enterprise components at three different abstraction levels, which are conceptual, representational, and instance levels.
It was found that the most important issue being addressed is the conceptual difficulty to implementation. At the conceptual level, it is very difficult to map all the various concept objects on to an application, system, or solution design, even though the reuse potential was high. At the instance level, it is quite easy to map on to an implementation but the reuse potential was low. It was found that the most At this level, generic domains are identified that are common across all industries, for example, 'customer services domain,' 'business management domain,' 'people and work management domain,' and so forth. The models built in these domains can be usefully mapped on to an implementation model and the models can also be usefully reused by different companies across several industrial sectors. The main problem with obtaining information from an organization and reusing it, is that this information is usually confidential; it represents a company's knowledge and expertise so the company will be reluctant to share their model. However, it can be foreseen that more of this knowledge become public over time, especially if the right level of abstraction, generality, and granularity can be identified. The most useful information that is required is that at the representational level for reasons identified earlier. Related work has been conducted at the Massachusetts Institute of Technology (MIT) which has developed a handbook of Figure 6 . Modeling to implementation organizational processes (Malone, Crowston, & Herman, 2003) .
Further work is underway to analyze, handle, and evaluate the effects of change on these models and the impact it has on reuse using the change dimension of the GRBOM framework (Choudhury et al., 1997) . Further work is also underway to carry out a quantitative evaluation of reuse of the 'telecommunications industry customer services representation model,' to measure the reuse potential of that model in the retail banking and fashion retail industry. This would be done by carrying out a statistical analysis of totaling up all the generic business processes objects, business activities, business information objects, business systems objects, business application objects, and so forth, discovered and developed from the case study. One-to-one mappings of each of the objects onto retail banking and fashion retail companies would be attempted. Correlation results will be a measure of the reuse potential.
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